Amyl oidosis refers to a group of conditions that result from extracellular deposition of insoluble fibrillar protein and can be systemic or organ-limited (localized) (1, 2) . A variety of precursor proteins can form insoluble amyloid fibrils of b-pleated sheet structure that allows the characteristic binding of Congo red stain (2, 3) . Amyloidosis can be acquired or inherited, and the 3 most common forms are primary amyloidosis (immunoglobulin light chains), transthyretin amyloidosis, and amyloid A protein amyloidosis. Clinical manifestations of amyloidosis are diverse and determined by the type of precursor protein, tissue distribution, and extent of deposition (2) .
Pulmonary involvement in amyloidosis can be classified as tracheobronchial disease, parenchymal nodules, localized or diffuse interstitial infiltrates, intrathoracic lymphadenopathy, and pleural disease (4, 5) . Pulmonary amyloidosis is usually due to primary amyloidosis and can be difficult to diagnose (4, 5) . Sometimes the presentation can resemble a malignancy, particularly when it presents with pulmonary nodules, intrathoracic lymphadenopathy, or pleural effusion.
18 F-FDG PET is extensively used in the evaluation of known or suspected lung cancer. However, 18 F-FDG PET has limitations in diagnostic accuracy, and it is recognized that false-positive 18 F-FDG PET results can be seen in various nonmalignant disorders. Very little is known about 18 F-FDG PET scanning in amyloidosis. In this study, we sought to characterize 18 F-FDG PET findings in patients with pulmonary amyloidosis.
MATERIALS AND METHODS

Patient Selection
A computer-aided search was conducted to identify all adults (at least 18 y old) who were seen at the Mayo Clinic during a 15-y period between January 1, 1997, and December 31, 2011, and were diagnosed on lung biopsy to have pulmonary amyloidosis (187 patients). Of these patients, we identified 18 who had undergone 18 F-FDG PET scanning. The major indication for 18 F-FDG PET scanning was concern about malignancy, especially in patients with pulmonary nodules, and evaluation for possible metastatic disease. The Mayo Foundation Institutional Review Board approved this retrospective study (study identification number 10-006289), and the requirement to obtain informed consent was waived. Patients who did not authorize the use of their medical records for research were excluded.
Clinical, Laboratory, and Radiologic Findings
Data extracted from the medical records included age, sex, smoking status, primary symptoms, method of diagnosis, pathologic findings including the type of amyloid, spirometric results, findings on chest CT scans, and findings on 18 F-FDG PET scans.
F-FDG PET Imaging
All PET scans were reviewed for the purposes of this study by a nuclear medicine specialist without knowledge of the clinical and pathologic data, and the mean maximum standardized uptake value (SUVmax) was determined. Lesions with 18 F-FDG uptake greater than uptake in the blood pool and with SUVmax levels above 2.0 were considered positive, taking into consideration the visual appearance of the activity distribution: whether it was focal (more likely malignant) or diffuse (more likely inflammatory). 18 F-FDG PET imaging was performed according to our standard clinical practice (Advance PET tomograph or DRX/690 combined PET/CT scanner; GE Healthcare). 18 F-fluoride was produced on site (Trace Cyclotron; GE Healthcare). 18 F-FDG synthesis was performed by the standard method, and the product was tested for sterility, pyrogenicity, and radiochemical purity on each production run. PET images of the body to include the infracranial head, neck, chest, and abdomen to at least the level of the iliac crest were obtained 60 min after intravenous injection of 559-740 MBq of 18 F-FDG. After voiding, the patients were positioned on the tomographic gantry for imaging. Emission images were processed using iterative reconstruction. Attenuation correction was used on all data. Emission data were corrected for scatter, random events, and dead-time losses using the manufacturer's software. The image pixel size was 4.25 mm displayed in a 128 · 128 mm array. Standard orthogonal views, as well as maximum-intensity projections, were reviewed during scan interpretation. CT scan fusion was available on the images obtained by the combined PET/CT scanner (DRX/690; GE Healthcare).
RESULTS
The mean age of the 18 subjects with pulmonary amyloidosis was 64.8 y (range, 32-80 y); they included an equal number of men and women (Table 1 ). There were 12 never-smokers and 6 with a smoking history (including 2 current smokers). Ten subjects were symptomatic, most commonly with dyspnea with or without cough, but 8 subjects were evaluated for abnormalities noted on chest imaging in the absence of relevant symptoms. Fourteen patients underwent pulmonary function testing, and 8 had abnormal findings, with airflow obstruction being the most common pattern of abnormality. Among 6 patients with airflow obstruction, 4 had a smoking history. Echocardiography was performed on 11 patients, of whom 2 were found to have echocardiographic findings consistent with amyloid heart disease.
Seventeen of 18 patients had primary amyloidosis; in the remaining patient, with an isolated pulmonary amyloidoma (1.1-cm solitary pulmonary nodule), the type of amyloid could not be determined. Associated conditions included Sjögren syndrome (n55), multiple myeloma (n 5 1), and rheumatoid arthritis (n5 1). The most common findings on high-resolution CT scans of the chest were nodules (n 5 14), followed by cysts (n 5 6) and reticular opacities (n 5 4) (Fig. 1A) .
Fifteen patients were diagnosed by surgical lung biopsy, 2 by transthoracic needle biopsy, and 1 by bronchoscopic biopsy. Seven patients (39%) were found to have a mucosa-associated lymphoid tissue (MALT) lymphoma along with amyloid deposits. Eight patients had positive 18 F-FDG PET results (intrathoracic 18 F-FDG uptake) (Table 2) , including 4 patients with associated MALT lymphoma (SUVmax range, 3.1-6.7) (Fig. 1B ) and 1 patient with a pleural plasmacytoma (SUVmax, 7.2). The remaining 3 patients had amyloid only (SUVmax range, 2.1-3.2). Ten patients with negative 18 F-FDG PET results included 3 additional patients with associated MALT lymphoma, whereas the remaining 7 patients had amyloid only. This resulted in a sensitivity of 63% and specificity of 70% for 18 F-FDG PET in diagnosing lymphoplasmacytic neoplasms in patients with pulmonary amyloidosis.
DISCUSSION
In this study of 18 patients with pulmonary amyloidosis undergoing 18 F-FDG PET scanning, 8 (44%) exhibited increased intrathoracic 18 F-FDG uptake, among whom more than half had an associated lymphoplasmacytic neoplasm, that is, lymphoma or plasmacytoma. However, 3 additional patients with intrathoracic MALT lymphoma displayed negative results on 18 F-FDG PET scanning.
Pulmonary amyloidosis is usually due to primary amyloidosis with deposition of immunoglobulin light-chain fragments (5) . A broad array of intrathoracic manifestations is associated with amyloidosis, ranging from tracheobronchial parenchymal (consolidation, nodular, cystic, and interstitial) and pleural involvement to mediastinal and hilar lymphadenopathy (4). The most common manifestation is parenchymal nodules as seen in our study. These nodules raise suspicion about malignancy (either primary lung cancer or metastatic disease). Moreover, pulmonary involvement in amyloidosis can be associated with lymphoproliferative disorders such as MALT lymphoma, which is usually associated with an indolent clinical course (6).
18 F-FDG PET, which is based on functional rather than morphologic mapping, plays an important role in the assessment and management of many types of malignancy. The role of 18 F-FDG PET scanning in patients with amyloidosis has been unclear, with only a few case reports relevant to this issue having been published (3, (7) (8) (9) (10) (11) (12) . In addition, the few retrospective studies that have been published on the role of 18 F-FDG PET in patients with MALT lymphoma have yielded conflicting results (13) (14) (15) (16) (17) .
In the current study of 18 patients with biopsy-proven pulmonary amyloidosis, the most common CT findings were pulmonary nodules. Among 10 patients who had amyloidosis only (without MALT lymphoma or plasmacytoma), 3 exhibited positive 18 F-FDG PET results, although the SUVmax tended to be lower than that seen in patients with lymphoma or plasmacytoma. Among 5 patients with lymphoplasmacytic neoplasm, the range of SUVmax was 3.1-7.2, whereas 3 additional patients showed no 18 F-FDG uptake.
Hoffmann et al. (15) suggested that the degree of 18 F-FDG uptake for MALT lymphoma may be explained on the basis of underlying histology, that is, plasma cell differentiation. In their study, the sensitivity of 18 F-FDG PET was 83% for plasmacytically differentiated MALT lymphoma, as compared with 20% for typical MALT lymphoma. The fact that there is a high likelihood that a 18 F-FDG PET scan will be positive in multiple myeloma also supports this theory related to plasma cell differentiation (18) . Another case report supported this theory when, after treatment with the monoclonal anti-CD20 antibody rituximab, there was high focal uptake on an 18 F-FDG PET scan of a patient with MALT lymphoma. This finding was attributed to rituximab's causing complete elimination of marginal-zone cells, resulting in overgrowth of the plasmacytic component (19) .
There were several limitations to our study, including the retrospective design and a modest number of study subjects. Although the sensitivity and specificity of 18 F-FDG PET scanning in detecting lymphoid neoplasm was 63% and 70%, respectively, the accuracy of these values is admittedly uncertain given the small sample size. The patients with amyloidosis undergoing 18 F-FDG PET scanning consisted mainly of those with parenchymal nodules or intrathoracic lymphadenopathy, that is, suspected of malignancy. Nonetheless, our results provide some additional insights into the potential role of 18 F-FDG PET scanning in patients with pulmonary amyloidosis.
CONCLUSION
Our results provide additional insights into the interpretation of 18 F-FDG PET results in patients with pulmonary amyloidosis. Increased uptake of 18 F-FDG, particularly with an SUVmax greater than 3, increases suspicion about an associated lymphoma or plasmacytoma. On the other hand, negative PET results do not exclude the presence of such neoplasms.
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